With the rapid development and expansion of devices for the production of both traditional (cutting) 
INTRODUCTION
The development of production technologies started in the early years of human society and then expanded during the industrial revolution. Since then technologies have been refined, new versions introduced and with computer support we now have partialautomation. Production was optimized [1] and [2] in terms of becoming cheaper, faster and better. Basically, however, technologies are still based on old knowledge in terms of removing materials, casting or forming. In addition, technological restrictions are still present when the complexity of a product plays a key role and a selection process is necessary before making the product. In order to realize a project in manufacturing, people with knowledge and experience are needed and a combination of several different technologies in complex everyday products is common [3] and [4] .
No serious players from the field of conventional cutting processes were interested when the origin of layered technology was first introduced in the middle of 1980's. The technology was expensive, complex, inaccurate, slow, limited by the dimensions and materials [5, 6] , but did allow the manufacturing of products in one piece, regardless of their complexity. Technology did have another advantage, the time for the preparation of input parameters did not depend on the complexity of the product. In the beginning technology has acquired the names rapid prototyping or 3D printing.
We could say that in the field of layered technologies we are still in the middle of constant growth [7] (Fig. 1 ) and because of, at least on paper, very promising new revolutionary innovations, a lot of people refer to the new industrial revolution when talking about layered technologies. 
INTRODUCING THE STL FILE FORMAT
The STL data format is a polygonal (mesh) format developed for the needs of 3D Systems' stereolithography equipment, which is one of the layered technologies. Stereolithography (U.S. Patent called ''Apparatus for Production of ThreeDimensional Objects by Stereolithography'') was patented in 1984 and in 1986 the 3D Systems Company began to manufacture devices for prototype production.
During this time, the STL file format [8-10] was adopted by all other layered technologies and as such became the standard format. The reason for the popularity of the STL file format is in the simplicity of model description, as the STL format describes only the external surface of the 3D model without adding any other data. Some CAD attributes (points, lines, curves and layers) in other formats (WRML, DXF) can cause complications in non-standard formats records [11, 12] .
There are two formats of the STL file (binary and ASCII). The STL file format is supported by all modern CAD programs, although not all allow storage in both forms.
Since the STL file does not contain information about the real model size, some problems can appear such as unit change from cm to inch (SI replacement for the imperial system).
While exporting from the CAD to the STL file, part-resolution needs to be set. Export options are different in various CAD programs. The main parameters are set by the maximal allowed deviations between triangle mesh and the original CAD model, and the minimal allowed angle between two triangle's edges.
When choosing model resolution, it is necessary to have in mind that the resolution of the manufacturing device can be greater than the STL resolution, and a lack of resolution means a lower surface quality for the model produced [13] [14] [15] (Fig. 2) . The problem is frequently set into a production line where an outside contractor cannot know the desired surface quality. By increasing the precisions of production technologies, this problem shows the limitations of the STL format where, despite the most accurate resolution and large file size, a smooth surface cannot be achieved. 
TEST PARTS
Some test parts were needed for evaluating the complexity. The limitations of the STL file were taken into consideration. For a realistic comparison, all models were designed using the same CAD software (Catia V5) with the same settings for exporting STL files (3D accuracy of 0.01 and curve precision to 0.1). All models were checked for errors and verified by the Netfabb [16] program, and appropriately placed into the positive coordinates of their own coordinate systems. Orientation is set by experience since, in normal cases, author starts modelling in one of the basic planes.
Three models of basic geometric shapes can be found among the selected test models, and all the rest are the real ''user'' parts (Fig. 3 ). An important fact is the presumption that complexity does not depend only on the shape of the model, but also on the size. Two models are the same shape but different sizes. Basic STL file parameters were used for the experiment, such as the size of the binary file, number of triangles, part's volume, part's surface (area), and the volume of the block that captures the model. All parameters can be obtained by reading the STL file. Some properties can be calculated using basic mathematical equations or by some advanced software tools that allow visualization of the model and its properties (for example Netfabb).
Determination of octants and problematic sections
A simple procedure for basic manufacturing procedure determination was used due to difficulty in determining the basic form [17-19] -shape recognition (statistically due to the loss of data when converting into STL format). Each model's octants were determined by distributing a part's external block into eight smaller blocks (octants) (Fig. 4) .
Information about each octant, information on the overhangs and negative angles was gained from the vector's direction, which normally constitutes a problem with conventional cutting processes during manufacture. Table 1 shows the direction of a triangle's normal vector that is problematic in each octant. It is enough to look at the sign of the triangle's vector. If a problematic vector exists the part cannot be made by conventional procedure without an additional fixture or the use of special tools, but in most cases manufacturing using the conventional procedure (production in one piece) is impossible. Octants without problematic direction. Octants with problematic direction.
COMPLEXITY DETERMINATION
The complexity, based on our own experiences with manufacturing processes, is determined first (Fig. 5) , to get some sort of reference, and then these results are compare with the calculated ones. This personal classification represents a reference for finding a suitable procedure when determining the complexity [20, 21] . The complexity of the model can be deduced from information on the number of triangles (Fig. 6 ) (number of triangles is directly related to the size of the file). An increased number of triangles represent a more complex model. This comparison does not take into account the increasing complexity while decreasing the size of the model and all models shod be created with the same export parameters. 
Advanced evaluation of model complexity
Complexity on the basis of file size or number of triangles presents us with some basic part complexity ideas, without the model's size being taken into consideration. For example, with model's 1 and 2, and 10 and 11, the calculated complexities should not be the same, since there are significant size differences between these parts. When reducing the size of a part, its complexity increase.
For accurate complexity calculation, the proportions of the three basic parameters of the model are needed: the model's surface, number of the model's triangles, and model's volume.
(1)
Result of Equation 1 is presented in the following graph (Fig. 7) . It can be seen that part size plays a significant role regarding complexity determination. This relationship taking into consideration part size is very similar to the complexity based on our own experiences. Calculated complexity of the model is comparable to experientially determined complexity (Fig. 5) . Three models deviate from the average (7.8 and 13) all of them are having varied surfaces and are problematic for manufacturing using conventional procedures. A significant impact is also when reducing the scale of a model which results in an increase in the complexity (models 1 and 10 versus models 2 and 11).
MANUFACTURING PROCEDURES
Today's manufacturing procedures are divided into conventional (cutting operations [22] ) and layered technologies.
In a case of conventional procedures -a set stock of raw material is depleted until a desired shape is obtained. The material can be removed by various procedures (turning, milling, grinding, cutting, local melting ...). For need of comparison milling and turning were taken into consideration.
Layered technologies (often referred to as the technology for the rapid prototyping or 3D printing) are among the modern manufacturing procedures in which the material is no longer removed, but added. Technology allows us to produce realistic models of, until then unmanufacturable forms (Fig. 8) [25, 26] . Technology produces individual 2D layers and by adding 2D layers on top of each other (a 3D product is formed). Important information from the survey is that some procedures do support individual layers where necessary (overhangs or the spread of the model in a Z direction), as imposed support material, which is not the same as for models. In these cases, the form of the product affects the price, as well as the building time. In the end it should not be forgotten that all today's known layered-technologies need some post-process to obtain a final part. This can be a simple cleaning procedure, the removal of support material or even infiltration with some special material, and all this costs time and money. 
CHOOSING THE OPTIMAL MANUFACTURING PROCEDURE
Several criteria should be taken into consideration when selecting the appropriate manufacturing procedures:
-The desired material -The size of the product -The manufacturing time and -Cost of manufacture This paper's topic focuses on product design, which means that at this stage some properties are ignored, such as materials, materials' properties, and product size, since material properties in the STL format are not given and size is not as problematic, since there are different machines for producing different sizes parts. Production is highly dependent on the complexity of the product, especially when comparing cutting processes and layered techniques. Table 3 presents the results of selection on the basis of determining vector direction in each octant. Turning is chosen as the most affordable process when it comes to a rotary piece (models 3, 6 and 12), milling when it comes to the model without problematic vectors that define impossible tool angles and layered technology for all other models.
Choice on the basis of vector direction in each octant
Layered technologies are divided into two subcategories:
• Layered technologies that for support using raw modelling material. In this case, the support material can be reused and it does not represent an additional cost.
• Layered technologies that using some additional support material at the part overhangs or have support from the model material, but that material should be removed after some treatment. Procedure is appropriate Procedure is inappropriate Fig. 7 shows the complexities of the test models. Complexity unfortunately cannot provide us with information if turning is appropriate to be the right procedure for manufacturing. Manufacturing by turning is only possible for models 3 and 12 (Table 4) , which have a relatively low ratio of fewer than 20,000 and do not stand out (Fig. 7) . By imposing a limit of 20,000, models 2, 4, 5 and 11 are added to the selection, even if the manufacturing of these models in this case, is impossible. Models, where the production with milling is impossible (7, 8 and 13) heave extremely high ratio (over 120,000). Models 6 and 9 are feasible to produce, but need an additional fixture during the manufacturing, or a complex 4 axesproduction process. Models that are easy to produce have a low ratio (below 40,000). The limit for the milling process as the best possible selection was set at 100,000.
The choice on the basis of the part complexity
It can be seen that layered technologies are suitable for all models (From the point of manufacturing techniques, this is already a known fact), but when dividing technologies into those that need additional support material and those in which the support material is the same as the model's material, it can be written that in the case of a model with higher complexity, the production costs are higher. The limit between those two technologies was set to 50,000. So if complexity is below 50.000 any layered technology is suitable, when the complexity is beyond 50.000 layered technologies that reuse support material are more suitable.
Models (1 and 10) are problematic to produce as they are resized to extremely small dimensions and can create certain problems for both processes. In the case of milling, the problem of clamping exists and in the case of layered technologies, resolution of the technology itself presents an obstacle to production.
The arrangements by combining the complexities of the shapes and the vector direction, in each octant
By examining the results of both selection processes (one based on the vector direction in each octant and the other on the complexity of form), it can be established that, in some instances, each selection process can favour the process by which production is impossible. By combining the two methods those procedures that are inappropriate are eliminated. The Results are presented in Table 5 . 
POST-PROCESSING TIME DETERMINATION BY EVALUATION OF MODEL COMPLEXITY
The time for post-processing is problematic, especially from the perspective of determining the final production costs of the model. The price consists of construction material, hardware hour costs; fixed costs, energy cost, staff cost and the cost of post-processing. So far assessment has been individually determined solely and empirically by using peoples' experiences. With the introduction of complexity evaluation, the post-processing time can be calculated and planned during the production time.
The time for post-processing (Fig. 10) is of course distinguishable between the different technologies (Fig. 11) , therefore, it is necessary to determine the individual impacts of complexity on time for each layered technology.
To do that some parts need to be build and post-processing time for those parts need to be measured. On a basis of that data function:
( 2) can be derived and average value X calculated. For all following parts time can be calculated:
Since post-processing time is based on manual work, this function can never be exact (especially, when more than one man is working at post-processing stage), but can give us fair estimation on time needed for that production step.
This procedure is suitable for timedetermination in the cases of technologies that require manual removal of the support structure. This category includes: SLS, LOM, SLA, PolyJet, FSM, LENS, DMLS, SLM and EBM. In the cases of these processes, the removal of support material takes a certain time, depending on the complexity of the product itself. In the cases of SLS, LENS, DMLS, SLM and EBM, the removal of non-solidified base material is required. In the case of LOM technology the removal of material surrounding the product is needed. SLA and FDM are building supports from base-material and these supports need to be broken off at the end. PolyJet has supports from special support material that needs special water-jet treatment at the end of the process. In processes in which the support material is dissolved in liquid or the model is infiltrated with special liquids, postprocessing does not depend on the complexity of design.
Figure 10: Time of post-processing for test models made using the LOM procedure on SOLIDO SD 300 Pro. Models 1 and 10 were too small to be produced by LOM technology. 
CONCLUSIONS
The presented method introduces a fairly good method of fundamental decision between turning, milling and layered techniques. Selecting an appropriate layered technology is not unambiguously determined; therefore choosing the optimal layered technology can only be approximate. The reason for this lies in the sentence that is used in the marketing of layered technologies: 'complexity for free''. The layered technologies of today have no problems with production of highly complex forms, which is also their biggest advantage over conventional procedures. This poses a certain problem when selecting a production procedure based only on the complexity of the product.
Shape affects only a few specific technologies from layered technologies either because of expensive support material (PolyJet, SLA, SGC, MJM), or the difficulty of removing the support material from the problematic sections (LOM).
On the other hand, the determining of the design complexity and the calculation of model resolution can mean certain selections regarding production procedure choice, where less-accurate parts can be made using less-accurate technology.
Evaluation of the complexity was proven when determining the time required for finalizing the product. This time of post-processing was quite difficult to determine since manufacturers would prefer to miss it, even though the impact on the time of manufacture is significant. When the talk is about rapid prototyping, time is one of the most important things. The presented solution is suitable for introducing into production.
This survey is a significant advance in the direction of process selection, but for practical applications it would be necessary to include more parameters and advanced selection methods [27] [28] [29] , so that the process can be uniqly selected.
Only then after choosing basic part properties (like material properties, colour and surface quality), time of manufacture, dimensions, number of pieces in a series and the complexity, of doe's product come into regard. 
